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Basis of the report 



With regard to the elements of the imemational q)plicatioiu* 
[ I the international application as originally filed, 
the descrq)tion: 

pages 1.7-11. 13»17 as originally filed 

Daces NONE filed with the demand 

Jages 1-6, 12. 18. ISaTsg . filed with the letter of ii Febniarv 2002 (11.02.2002) 

the claims: 

pages NONE , ,_as originaUy filed a-^ i to 

pages NONE . as ameaied (together with any statement) under Article IV 

pages NONE , filed with the demand 

pages 19-27 , filed with the letter of 1 1 February 200 2 ( 1 1 .02.2002) 

the drawings: 

pages 1:3 » as originally filed 

pages NONE , filed with the demand 

pages NONE . filed with the letter of • 

I I the sequence listing part of the description: 

pages NONE ^ as originally filed 

pages NONE , filed with the de JTiand 

pages NONE , filed with the letter of , • 

2 With regard to the language, all the elements marked above were available or fiimished to fliis Autoity in the 
language in which the international appUcation was filed, unless otherwise indi^^ 
Thwe elemmts were available or fiimished to this Authority in die following language wdiidi is: 

□ die language of a translatian fiimished for die purposes of international search (under Rule23.1(b)). 
I I the language of pubUcation of the international ^Ucation (under Rule 48.3(b)). 

□ die language of the translation fiimished for the purposes of international preliminary examination(under Rules 
55.2 and/or 55.3). 

3 Witii regard to any nucleotide and/or amino acid sequence disclosed in die international appUcation, die 
international prehminary examination was carried out on the basis of die sequence Usting: 
I I contained in die international application in printed form, 
I I filed togedier widi die mtemational ^Ucation in computer readable form. 
I I fiimished subsequendy to diis Audiority in written form. 
I I furnished subsequendy to diis Authority in computer readable form. 

□ The statement diat die subsequendy fiimished written sequence Usting does not go beyond die disclosure in die 
international application as filed has been fiimished. 

□ The statement diat die information recoided in computer readable form is identical to die written sequence Usting 
has been furnished. 

4 1^ The amendments have resulted in the cancellation of: 

[ I the description, pages NONE 
I I die claims. Nos. NONE 
rn die drawings, sheets/fig NONE 
5. □ This report has been estabUshed as if (some of) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
* Replacemem sheets ^ch have been furnished to the receiving Office in response to an imntation '^'^^t!,^.^^^^^^ 
thisreponas "originally filed'' and are not annexed to this report since they do not coni^ 70. 1 6 and 70 J 7). 
**Anyreplacement sheet containing such amendments must be ref erred to under item J and annexed to this report. 
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V. Reasoned statement under Rule 66.2(a)(u) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement ^ , 



1. STATEMENT 

Novelty (N) 



Claims 1-24 



Claims NONE 



Inventive Step (IS) 
Industrial Applicability (lA) 



Claims NONE 



Claims 1-24 



_YES 
_NO 

_YES 
NO 



Claims 1-24 



Claims NONE 



_YES 
NO 



2 CITATIONS AND EXPLANATIONS , ^ , 

Claims 1-20 and 24 lack an inventive step under PCT Article 33(3) as being obvious over Fujimoto et al 772. Fujimoto sho^.^ a 
massage method comprising the steps of: providing a body support system (Fig. 2) including more ton ""^^ f;^^^^^^' 
(18), a pressure/exh^ system (Fig. 5), a control/switching mechanism to select different mdexes (Fig. 4) for ^^^^^^^^^ 
ov^ v^ous zones and viying intensities (Fig. 7-9), supply/exhaust valves & common exhaust piovidmg inflow and outflow (60). a 
pump/pressure system (91^a;ressure sensor (80). microcontroller (101). * ]^^T^^ 
various alternatives in operation are all considered obvious design choices. weU wilhm the kno^^edge of a skilled arusan ^ suit 
various need and applications. aU the variations being perfectiy enable of being accomplished given the mhcrcnl stmcmral features 
that have been demonstrated in the art. 

Claims 21-23 lack an inventive step under PCT Article 33(3) as being obvious over Fujimoto in view of Cone et al ' ^^-^i^^J^ 
shows ail the structural and functional limitations of the invention as set forth in flie previous paragraphs of Ais offi^ acUon except 
for the separate exhaust valves. Cone shows the use of exhaust valves (134) in a similar pneumatic device. It would have been 
obvious Z use discrete exhaust valves because they are old and weU know obvious art-recognized altcmauve exhausts, absent any 
unexpected results. 



NEW CITATIONS 



5,591.200 A (Cone et al) 07 January 1997. see Fig. 6. 



--CUS 5,61 1 ,772 A (Fujimoto et al) 18 March 1997, see eittire document-OIUS 
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flow between each of the celk mcreases the tme required for a fi^ 
sequoice. 

hi the '131 and '933 patents a massage control is provided to produce a 
pressure change at a given body part There is no mention how a massage mdex 
might be utilized to produce a concentrated massage at more than one expandable 
chamber. The '131, fiirtiiermore, requires a range of movement in a smgle cell to 
cause the q>ine of tbe user to be moved or m«nip niat^ Such action is more 
extreme than required for massage action. 

While suitable for their intended purpose, the various known occopaat 
sjqjport or vehicle seat systems with mflatable eiqiandable chambers for contour 
shaping of a siq>port such as on a vehicle seat sur£u:e do not provide for indexed 
expandable chamber pressure controL FurAcnnore, such systems do not disclose a 
siqjport system having more than one expandable chamber opeiated to provide 
massage movement that includes a sequence of inflate and deflate of each of the 
respective chambers or cells so as to provide concentrated massage action while 
eliminating Ae problon of long massage cycle times as found in ttie "282 patent 

SUMMARY O F THE INVra^nTM 



- According to the invention a seat or body siq>port apparatus is 
provided that comprises more than one expandable chamber, a pressure system 
and an exhaust system. The pressure system is connected to each expandable 
chamber and is configured to provide fluid into the expandable chambers. The 
exhaust ^em is connected to each expandable chamber and is configured to 
25 produce an outflow of fluid fiom the expandable chambers. A controUer is 
connected to the pressure and exhaust systems and is configured to control 
massage sequence and intensity. The controller is configured to control massage 
sequence by alternately operating the pressure and exhaust systems for selected 
chambers according to a predetermined massage control index sequence. The 
controller is configured to control massage intensity by aUowing fluid pressure 
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within the selected chambers to increase only until a selected variable taiget 
pressure is reached. 

According to another aspect of the invention, a massage method is 
5 proWded that includes providing a seat or body siqjport system tiiatinchjdes more 
than one expandable chamber and also includes a pressure system and an exhaust 
systen for expandable chamber. A controller is provided for operating the 
pressure and exhaust systems according to multiple selectable predetemiined 
massage control index sequences. A massage sequence is selected by selecting 

10 one of tiie massage control index sequences causing the controller to alternately, 
provide fluid communication between selected ones of the expandable chambers 
and the pressure system to produce an inflow of a fluid to each of the e3q)andable 
chambers, and produce an outflow of fluid fiom each of the previously inflated 
expandable chambers by operating the exhaust system. Massage intensity is 

1 5 selected by aUowing fluid pressure within the selected chambers to increase only 
until a selected variable target pressure is reached. 
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ADVAOTAGES AND FF ATURRS OF THE VARTOTTS ASPECTS OF THP 

M 



The invention provides a fluidly (in some cases pneumatically) controlled 
sx^ort surface for an occupant such as in a seating system or bed having an anay 
of expandable chambers or cells. Each of such «q>andable chambera is 
connected to a source of pressurized fluid (air), and arranged in a manner to 
10 inflate in response to produce a massage movement that includes a sequence of 
inflate and deflate at each of the req)ective cells in accordance with a massage 
index for concemtxating the massage actioo on an occiq)ant 

The invention also provides a massage method for an occupant support 
surfece wherein one or more of the expandable chambers or cells is connected 

15 througji an exhaust valve that wiU be opened in accordance with a control signal 
to produce a massage movement including a separate deflate at each of the 
respective cells so as to provide more coricentiated massage. 

According to another aspect of the invention more than one expandable 
diambCT provide an indexed massage in accordance with user selected massage 

20 types and preprogrammed inflation and deflation of individual expandable 
chambers by inflate and deflate steps including flow to and fiom each of a series of 
individual expandable chambers so as to produce a concentrated pulse type massage 
action. 

According to another aspect or feature of the invention such a pulse type 

25 massage action is provided by inflating each ofthe individual ejq>andable chambers 
in a progression and thereafler deflating each of the individual expandable 
chambers 1^ reversing the progression. 

Anoth«» feature of the present invention is to provide a control sequence for 
&e concentrated massage action is under microconqiuter control 

30 A stiU further feature is to inchide the expandable chambers as a seat back 

and seat bottom siqjport including such ocaqiant massage. 
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Another feature of the present invaition is to provide a cointrol system in the 
siq>parting suzfice of an occupant siqiport including a microcon^uter tfmt jg 
programmed to operate a manifoldAralve system to automatically fill and deflate 
individual e3q)andable chambers by fhiid flow to and fiom each expandable 
5 chamber in a serial &shion so as to so as to provide moro concentrated massage. 

Still anoflier feature of the presmt invention is to provide a microconQ>uter 
in the aforesaid systems in which the controller is programm ed to operate multiple 
valves and a pump to conduct an initial inflate or inflation of the expandable 
chambers or cells to a gross pressure level wifli all of the valves initially open 
10 followed by continuous pressure reads and a sequential closure of each pressure 
zone formed by one or more cells as the pressure therein is compared by operation 
of the microconq)uter to a desired target pressure and to provide a secondary 
adjustment of the desired target pressure. 

Another feature of the present invention is to provide micro— 
3^5 oaniputer control of the preceding featinre wherein the secjuential 

control of the f Itiid volume flow to cud from each e}q>andable chamber 
or cell is either by a pressinre pxmp inflation with open supply 
valves inflation or by an exha\:ist valve deflation. 

Still another feature of the present invention is to provide a miciocompiiter 
in the aforesaid systems that conditions Hbe system to open all the cells to 
20 atmosphere when a seat is not occupied and to inflate flie seat back to a desired 
initialization pressure for occiq^ant siq>port 

Still another feature of tiie present invention is to provide a microcomputer 
in the aforesaid systems in which an initial occiqjant assessment is made and 
inputted to the microcomputer and used to establish ia selected massage index in a 
25 look-up table for use in a massage control operation of the system. 
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BRIEF DESC RIPTrON OF THE DRA WTNOR 



5 Figure 1 is a perspective view of an automotive seat showing one 

embodiment of the invention for locating pneumatic massage expandable chambers 
or in the back,, seat and head rest poations of a vehicle seat structure. 

Figure 2 is a view of apressure supply system for the embodiment of Figure 

10 1; 

Figure 3 is a view of a programmable massage operating systan for ±e 
onbodiment of Figure 1; 

Figure 4 is a view of another embodiment of a massage system for use with 
1 5 the method of the present invention; and 

Figure 5 is a view of still another embodiment of a massage system fi>r use 
vnfb. the meUiod of the present invention. 

20 DESCRIPTrON OF THE PREFERRKH FMB 



A series of expandable chambers or bladdo- like air cells 1 are placed at 
strategic locations about the contour of an automotive seat 2 as shown in Figure 1. 
The expandable chamber or cell placement is selected to coincide witii key pressure 
25 points ontiielxxfyof anocci^antoftiieseat 

In particular, a plurality of expandable chambers or cells 3a, 3b, 3c are 
positioned in tiie thoracic region while plural cells 4a, 4b, 4c are combined in the 
lumbar region. To further fecilitate the adjustaient of the seat, pairs of cells 5, 6, 7 
and 8 are positioned at either side of the back and seat as weU as the fiont and back 
30 ofthe thighs respectively. Each of tiiese cells is in direct contact wifli flie body to 
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The massage indexes of the present invention will be understood to have 
application to either the embodiment of Figure 2 or the embodiments shown in 
Figure 6 and in Figure 7 of previously mentioned USSN 8/808,511. The massage 
indexes also appUes to the embodiments of Figures 4 and 5. It should be understood 
5 that the operation of the inflate, deflate and if desired equilibrate indexes to be 
described herein apply equally well to systems in which the expandable chambers 
or cells can be independently positioned or remain in a predetermined position on a 
support surface of a vehicle seat or the like without being part of a pressure system 
for supporting an occupant. 

10 The device and method of this invention is characterized by using a preset 

inflate, deflate and if desired an equilibration massage index sequence as the 
progranmied massage level and type and allowing the system to adjust the pressure 
in each e^q^andable chamber to produce a predetermined massage where the level 
and intensity of a massage can be selected ranging from Ught to high that can 

15 correspond to a lower pressure or a lower frequency at the light setting; a medium 
pressure or a medium frequency at the medium setting, etc. hi addition the operator 
can adjust the pressiure level in accordance with his or her own perceived massage 
comfort. It is observed that by varying the comparative massage data and the 
number and location of the expandable chambers the system of this invention 

20 allows for a wide variety of massage types and an almost infinite flexibiUty of 
adjustment in a package that is simple, light weight, low cost and efficient. 

Additionally, in accordance with the present invention, expandable 
chambers or cells forming the contouring elements of the seat back and bottom 
can also be located to form a support in a bed structure or other occupant support 

25 system. In this case as in the vehicle seat application the expandable chambers 
have their pressxu-e controlled in response to the selected type of massage index 
resulting in a sequence of flow to and from each expandable chamber during a 
predetermined inflate, deflate and if desired equilibrate sequence. 

In the present invention, "inflate" is defined as 

30 

an increase in volxime or pressure of fluid (including 

but not limited to air) in one of one or more expandable 

12 



wo 01/00132 



rci> ' ujioo/i7iioo 



In each of these cases the expandable chambers do not cany the reference 
numeral designations shown in the various embodiments but it is understood that 
the designations are for a support system having zones 0, 1, 2 (could correspond 
5 to 4a, 4b, 4c) and zones 5, 6 and 7 (could correspond to 3a, 3b, 3c). 

As set forth in the claims, a seat or bo<fy support apparatus constructed 
according to the invention is most broadly described as comprising more than one 
expandable chamber, a pressure system connected to each expandable chamber 

10 and configured to provide fluid into the expandable chambers; an exhaust system 
connected to each expandable chamber and configured to produce an outflow of 
fluid fiom the expandable chambers, and a controller connected to the pressure 
and exhaust systems. The controUer is configured to control massage sequence 
by alternately operating the pressure and exhaust systems for selected chambers 

15 according to a predetermined massage control index sequence. The controUer is 
also configured to control massage intensity by allowing fluid pressure within the 
selected chambers to increase only until a selected variable target pressure is 
reached. 

20 The pressure system may include a source of pressurized fluid connected 

by fluid si^ly paths to respective supply valves positioned to selectively provide 
fluid communication between each expandable chamber and the source of 
pressurized fluid- The exhaust system may include exhaust valves connected to 
each respective chamber and configured to control the fluid flow fiom tiie 

25 respective chambers. The contaoUer may flien be operatively connected to the 
siqsply and exhaust valves and configured to inflate selected chambers by opening 
corresponding ones of tiie siqjply valves and to deflate selected chambers by 
opening corresponding ones of the exhaust valves. The exhaust valves are 
distinct fiom the supply valves and the fluid supply patiis to minm,;^^ dweU time 
30 betweoi inflation and deflation. 
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The exhaust system may be configured to actively evacuate chambers by 
drawing fluid fix)m them. To accomplish this, the exhaust system may include an 
exhaust pump connected to the controller and operable to draw fluid from 
selected chambers. 

The controller may be further configured to provide a range of difieient 
massage index sequences. The apparatus in this case includes a user actuable 
switch connected to the controUer and configured to select between the different 
massage index sequences. 

In practice, a massage may be provided by first providing a seat or body 
siqjport system, sudi as the one described above, that includes more tbm one 
ejq)andable chamber, a pressure system and an exhaust system for eadi 
racpandable chamber, and a ccntroUer for operating the pressure and exhaust 
systems according to multiple selectable predetennined massage control index 
sequences. A massage sequence is then selected by selecting one of the massage 
control index sequences causing flie controller to alternately provide fluid 
communication between selected ones of the expandable chambers and the 
pressure system to produce an inflow of a fluid to each of the expandable 
chambers and produce an outflow of fluid &om each of the previously inflated 
expandable chambers by operating the exhaust system. Massage intensity is 
selected by aUowing fluid pressure witiiin the selected chambers to increase only 
until a selected variable target pressure is reached. 

The step of providing a seat or body support system may include 
providing a pressure system that includes a source of pressurized fluid and a 
siqjply valve connected to the controller for controlling fluid flow fiom die 
pressure source to each of the expandable chambers, and providing an exhaust 
system that includes an exhaust valve connected to tiie controUer for controlling 
the fluid flow fix»m a previously inflated expandable chamber. The supply and 
exhaust valves may then be operated to produce individual chamber to chamber 
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inflatidn followed by chamber to chamber deflalion. 

The step of providing a seat or body siqipoit system may include 
providing an exhaust system that includes a common exhaust Has case, 
5 operating the exhaust system includes providing fluid communication between 
the expandable chambers and fbe common exhaust; and opening the common 
exhaust in accOTdance witii tiie massage index sequence. 

The step of providing a seat or bo<fy siqiport system may include 
10 providing a pressure system that includes a pressure pump and providing 

an exhaust systan fliat includes an exhaust pump. In this case fluid 
communication is selectively and alternately provided between each expandable 
chamber and flie pressure pump and the exhaust pun^ in accordance with flie 
massage index sequence. 

15 

A user initiated switch xn^ be provided along witib a range of desired 
massage index sequences in accordance with user sdected preferences. The swi^ - 
is operated to select one of the desired massage index sequences fiom flie range of 
sequences to produce individual chambo- to chamber inflation followed by 
20 chamber to chamber deflation. 
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The step of providing a seat or body siq)port system may include providing 
expandable chambers in a back and seat siqiport 

5 The pressure system m^ be operated for each expandable chamber to 

equalize the pressure between predetennined ones of the expandable chambers as 
each of the. predetermined ones of the expandable chambers are selectively 
inflated and deflated. 

10 "A. pressure sensor, muWple valves and a pump m^ be provided along with 

a microcontroller programmed in response to a signal from the pressure sensor to 
operate flie multq)le valves and a pump to initially inflate the expandable chambers 
to a gross pressure level with aUofflie valves initially opening. The initial opening 
occurs prior to cyclicaUy connecting each of the expandable chambers to the 
pressure source in accordance with the selected massage index sequence. 
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.The stq) of providing a seat or body siqjport system may include providing 
the expandable chambers as a series of zones. In this case, the step of selecting a 
massage sequence includes selecting a massage index sequence fliat first inflates 
20 each of the zones in a series £ishion then deflates each of the zones in a reverse 
series &shiorL 

The step of providing a seat or body si^port system may also include 
providing the expsDdable chambers as a series of zones mcluding a first zone, a 

25 second zone and a third zone. In fliis case, the step of selecting a massage sequence 
includes selectmg a massage index sequence that equalizes the pressure in the first 
and second zones by fluid transfer therebetween, then inflates only the first zone 
and deflates the second zone while the first zone remains inflated, then equalizes 
the pressure in the first and second zones, then inflates the second zone, then 

30 deflates the first zone while the second zone remains inflated. The pressure is then 
equalized in the second and third zones by fluid transfer therebetween and then only 
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the third zone is inflated and &e second zone is deflated wlule the third zone 
remains inflated. 

The step of providing a seat or body siq)port system may include 
5 providing first and second air cells (O, 1). In this case, the step of selecting a 
massage sequence includes providing and selecting a massage index sequence 
that cycKcally varies the pressure in the air cells by inflating the first air cell, 
equalizing pressure between the first and second air cells, deflating the first air 
cell, reinflating (he first air cell, controlling the valved communication to equalize 
1 0 pressure between the first and second air cells fbUowing rcinflation of the first air 
cell, and deflating the first air celL 

The step of providing a seat or body support system may include 
providing first and second air cells (O, 1). In this case, the step of selecting a 

15 mass^e sequence includes providing and selecting a massage index sequence 
that cyclically varies the pressure in the air cells by inflating the first air cell, 
equalizing pressure between the first and second air cells, deflating the first air 
ceU, reinflating the first air ceU; controlling the valved communication to equalize 
pressure between the first and second air cells following reinflation of the first air 

2 0 cell; and deflating the first air cell. 

The step of providing a seat or bo^ siq>port syston may include providing 
expandable chambers as a series of zones inchiding zone 0; zone 1 ; zone 2; zone 3; 
zone 4; zone 5; zone 6; zone 7. In this case, the step of selecting a massage 

2 5 sequence includes providing and selecting a massage index sequence that includes 
equalizing the pressure in zones 0 and 1 by reducing the pressure in zone 1 and 
increasing the pressure in zone 0; inflate zone 0; deflate zone 1; equalize the 
pressure in zones 1 and 0 by fluid transfers fiom zone 0 to zone 1 reducing the 
pressure in zone 0 and increasing the pressure in zone 1; inflate zone 1; deflate zone 

30 0; equihTjrate zones 2 and 1 (air transfers fiom zone 1 to zone 2 reducing the 
pressure in zone 1 and increasing the pressure in zone 2); inflate zone 2; deflate 
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zone 1; equilibrate zones 5 and 2 (air transfers from zone 2 to zone 5 reducing the 
pressure in zone 2 and increasing the pressure in zone 5); inflate zone 5; deflate 
zone 2; equiHhrate zones 6 and 5 (air transfers from zone 5 to zone 6 reducing the 
pressure in zone 5 and increasing the pressure in zone 6); inflate zone 6; deflate 
5 zone 5; equilibrate zones 7 and 6 (air transfers from zone 6 to zone 7 reducing the 
pressure in zone 6 and increasing the pressure in zone 7); inflate zone 7; deflate 
zone 6; equilibrate zones 6 and 7 (air transfers from zone 7 to zone 6 reducing Oie 
pressure in zone 7 and increasing the pressure in zone 6); inflate zone 6; deflate 
zone 7; equiUbrate zooies 5 and 6 (air transfers from zone 6 to zone 5 reducing the 
10 pressure in zone 6 and increasing the pressure in zone 5); inflate zone 5; deflate 
zone 6; equiUbrate zones 2 and 5 (air transfers from zone 5 to zone 2 reducing the 
pressure in zone 5 and increasing the pressure in zone 2); inflate zone 2; deflate 

zone 5; equiUbrate zones 1 and 2 (air transfers from zone 2 to zone 1 reducing the 
pressure in zone 2 and increasing the pressure in zone 1); inflate zone 1; deflate 
15 zone2;rq}eat 

The step of providing a se^ or body siqiport system may include providing 
expandable chambers including a series of zones including zone 0; zone 1; zone 2; 
zone 3; zone 4; zone 5; zone 6; zone 7. In this case the step of selecting a massage 
20 sequence includes providmg and selecting a massage index sequence including 
equaUzing the pressure in zones 0 and 1 by reducing the pressure in zone 1 and 
mcreasing the pressure m zone 0; mflate zone 0; deflate zone 1; equaUze the 
pressure in zones 1 and 0 by fluid transfos from zone 0 to zone 1 reducing the 

pressure in zone 0 and mcreasing &e pressure in zone 1; inflate zone 1; deflate zone 
25 0; equiUbrate zones 2 and 1 (air transfers from zone 1 to zone 2 reducing the 
pressure in zone 1 and increasing the pressure in zone 2); inflate zone 2; deflate 
zone 1; equihlnate zones 5 and 2 (air transfers fiom zone 2 to zone 5 reducing the 
pressure in zone 2 and increasing the pressure in zone 5); inflate zone 5; deflate 
zone 2; equiUbrate zones 6 and 5 (air transfers fium zone 5 to zone 6 reducing the 

30 pressure in zone 5 and increasing the pressure in zone 6); inflate zone 6; deflate 
zone 5 ; equiUbrate zones 7 and 6 (air transfers fiom zone 6 to zone 7 reducing the 
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pressure in zone 6 and increasing ±e pressure in zone 7); inflate zone 7; deflate 
zone 6; equiKbrate zones 6 and 7 (air transfers from zone 7 to zone 6 reducing the 
pressure in zone 7 and increasing the pressure in zone 6); inflate zone 6; deflate 
zone 7; equiHbrate zones 5 and 6 (air transfers from zone 6 to zone 5 reducing the 
5 pressure in zone 6 and increasing the pressure in zone 5); inflate zone 5; deflate 
zone 6; equilibrate zones 2 and 5 (air transfers &om zone 5 to zone 2 reducing the 
pTMsure in zone 5 and increasing the pressure in zone 2); inflate zone 2; deflate 
zone 5; equiUhrate zones 1 and 2 (air transfers from zone 2 to zone 1 reducing the 
pressure in zone 2 and increasing the pressure in zone 1); inflate zone 1; deflate 
10 zone 2; repeat 

The stq) of selecting massage intensity may include selecting a massage 
index sequence Oat achieves a selected iwiable target pressure within each selected 
chamber by scaling inflation time. 
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The stq) of providing a seat or body sxqjport system may include providing 
a pressure sensor in fluid communication with each chamber and connected to the 
controUer. In this case, the step of selecting massage intensity inchides selecting a 
massage index sequence that achieves a selected variable target pressure within 
20 each selected Chamber by increasing fluid pressure in each chamber untU the 
controller receives respective signals from the pressure sensors indicating fbat tiieir 
respective target pressures have been reached. 

The steps of selecting massage sequence and massage intensity may be 
25 accomplished simultaneously by selecting a single massage control index 
sequence. 

The step of providing a seat or body support system may include 
providing an exhaust system configured to actively evacuate chambers by 
30 drawing fluid fix>m them. 
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The stq> of providing a seat or body support system may include 
providing an exhaust system that includes an exhaust pump. In this case, 
operating the exhaust system includes providing fluid communication b^een 
selected chambers to be deflated and the exhaust pun^ and operating fhepmnp to 
evacuate the selected chambers. 

This is an illustrative description of invention 
embodiments using descriptive rather than limiting words. 
Many modifications and variations are possible within the 
scope of the claims and one may practice the invention 
other than as described. 
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What is claimed is: 

1. A massage method comprising the steps of: 

providing a seat or body support system including more than one 
5 expandable chamber and including a pressure system and an exhaust system for 
each expandable chamber; 

providing a controller for operating the pressure and exhaust 
systems according to multiple selectable predetermined massage control index 
sequences; 

1 0 selecting a massage sequence by selecting one of the massage 

control index sequences causing the controller to alternately: 

provide fluid communication between selected ones of the 
expandable chambers and the pressure system to produce an inflow of a 
fluid to each of the expandable chambers; and 
15 produce an outflow of fluid from each of the previously inflated 

expandable chambers by operating the exhaust system; and 

selecting massage intensity by allowing fluid pressure within the 
selected chambers to increase only until a selected variable target pressure is 
reached. 

20 

2. The method of claim 1 in which the step of providing a seat or 
body support system includes: 

providing a pressure system that includes a source of pressurized 

2 5 fluid and a supply valve connected to the controller for controlling fluid flow 

from the pressure source to each of the expandable chambers; 

providing an exhaust system that includes an exhaust valve 
connected to the controller for controlling the fluid flow from a previously 
inflated expandable chamber; and 

3 0 operating the supply and exhaust valves to produce individual 

chamber to chamber inflation followed by chamber to chamber deflation. 
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3. The method of claim 2 in which: 

the step of providing a seat or body support system includes 
5 providing an exhaust system that includes a common exhaust ; and operating the 
exhaust system. includes: 

providing fluid communication between the expandable chambers 
and the common exhaust; and 

opening the common exhaust in accordance with the massage 
1 0 index sequence. 



4. The method of claim 2 in which: 

the step of providing a seat or body support system includes: 

providing a pressure system that includes a pressure pump; 

15 and 

providing an exhaust system that includes an exhaust 

pump; 

and including the additional step of selectively and alternately providing 
fluid communication between each expandable chamber and the pressure pump 
2 0 and the exhaust pump in accordance with the massage index sequence. 

5. The method of claim 1 including the additional steps of: 
providing a user initiated switch; 

providing a range of desired massage index sequences in accordance 
2 5 with user selected preferences; and 

operating the switch to select one of the desired massage index 
sequences from said range to produce individual chamber to chamber inflation 
followed by chamber to chamber deflation. 
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6. The method of claim 1 in which the step of providing a seat or body 
support system includes providing expandable chambers in a back and seat 
support. 

5 

7. The method of claim 1 including the additional step of operating the 
pressure system for each expandable chamber to equalize the pressure between 
predeteraiined ones of the expandable chambers as each of the predetermined 
ones of the expandable chambers are selectively inflated and deflated. 

10 

8. The method of claim 1 including the additional steps of: 
providing a pressure sensor, 

providing multiple valves and a pump; 

providing a microcontroller programmed in response to a signal 
15 from said pressure sensor to operate the multiple valves and a pump to initially 
inflate the expandable chambers to a gross pressure level with all of the valves 
initially opening; the initial opening occurring prior to cyclically connecting each 
of the expandable chambers to the pressure source in accordance with the selected 
massage index sequence. 

20 

9. The method of claim 1 in which: 

the step of providing a seat or body support system uicludes 
providing the expandable chambers as a series of zones; and 

the step of selecting a massage sequence includes selecting a 

2 5 massage index sequence that first inflates each of the zones in a series fashion then 

deflates each of the zones in a reverse series fashion. 

10. The method of claim 1 in which: 

the step of providing a seat or body support system includes 

3 0 providing the expandable chambers as a series of zones including a first zone, a 

second zone and a third zone; 
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the step of selecting a massage sequence includes selecting a 
massage index sequence that: 

equalizes the pressure in the first and second zones by fluid 
transfer therebetween; 

5 thereafter inflates only the first zone and deflates the second 

zone while the first zone remains inflated; 

thereafter equalizes the pressure in the first and second 

zones; 

thereafter inflates the second zone; 
10 thereafter deflates the first zone while the second zone 

remains inflated; 

equalizing the pressure in the second and third zones by 
fluid transfer therebetween; and 

thereafter inflating only the third zone and deflating the 
15 second zone while the third zone remains inflated. 

1 1 . The method of claim 1 in which: 

the step of providing a seat or body support system includes 
providing first and second air cells (O, 1); and 
20 the step of selecting a massage sequence includes providing and 

selecting a massage index sequence that cyclically varies the pressure in the air 
cells by: 

inflating the first air cell; 

equalizing pressure between the first and second air cells; 

2 5 deflating the first air cell; 

reinflating the first air cell; 

controlling the valved commimication to equalize pressure 
between the first and second air cells following reinflation of the first air 
cell; and 

3 0 deflating the first air cell. 
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12. The method of claun 2 in which: 

the step of providing a seat or body support system includes 
providing first and second air cells (O, 1); and 

the step of selecting a massage sequence includes providing and 
5 selecting a massage index sequence that cyclically varies the pressure in the air 
cells by: 

inflating the first air cell; 

equalizing pressure between the first and second air cells; 

deflating the first air cell; 
10 reinflating the first air cell; controlling the valved 

communication to equalize pressure between the first and second air cells 
following reinflation of the first air cell; and 

deflating the first air cell. 



15 

13. The method of claim 1 in which the step of providing a seat or body, 
support system includes providing expandable chambers as a series of zones 
including zone 0; zone 1; zone 2; zone 3; zone 4; zone 5; zone 6; zone 7; and 

the step of selecting a massage sequence includes providing and selecting a 

2 0 massage index sequence that includes equalizing the pressure in zones 0 and 1 by 

reducing the pressure in zone 1 and increasing the pressure in zone 0; inflate zone 0; 
deflate zone 1 ; equalize the pressiure in zones 1 and 0 by fluid transfers Scorn zone 0 
to zone 1 reducing the pressure in zone 0 and increasing the pressure in 2x>ne 1; 
inflate zone 1; deflate zone 0; equilibrate zones 2 and 1 (air transfers fix>m zone 1 to 
25 zone 2 reducing the pressure in zone 1 and increasing the pressure in zone 2); 
inflate zone 2; deflate zone 1; equilibrate zones 5 and 2 (air transfers from zone 2 to 
zone S reducing the pressure in zone 2 and increasing the pressure in zone S); 
inflate zone 5; deflate zone 2; equilibrate zones 6 and 5 (air transfers fix>m zone 5 to 
zone 6 reducing the pressure in zone S and increasing the pressure in zone 6); 

3 0 inflate zone 6; deflate zone 5; equilibrate zones 7 and 6 (air transfers fi-om zone 6 to 

zone 7 reducing the pressure in zone 6 and increasing the pressure in zone 7); 
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inflate zone 7; deflate zone 6; equilibrate zones 6 and 7 (air transfers from zone 7 to 
zone 6 reducing the pressure in zone 7 and increasing the pressure in zone 6); 
inflate zone 6; deflate zone 7; equilibrate zones 5 and 6 (air transfers from zone 6 to 
zone 5 reducing the pressure in zone 6 and increasing the pressure in zone 5); 
inflate zone 5; deflate zone 6; equiUbrate zones 2 and 5 (air transfers from zone 5 to 
zone 2 reducirig the pressure in zone 5 and increasing the pressure in zone 2); 
inflate zone 2; deflate zone 5; equilibrate zones 1 and 2 (air transfers from zone 2 to 
zone 1 reducing the pressure in zone 2 and increasing the pressure in zone 1); 
inflate zone 1; deflate zone 2; repeat. 



14. The method of claim 2 in which the step of providing a seat or body 
support system includes providing expandable chambers including a series of zones 
including zone 0; zone 1; zone 2; zone 3; zone 4; zone 5; zone 6; zone 7; and 

the step of selecting a massage sequence includes providing and selecting a 

15 massage index sequence including equalizing the pressure in zones 0 and 1 by 
reducing the pressure in zone 1 and increasing the pressure in zone 0; inflate zone 0; 
deflate zone 1; equalize the pressure in zones 1 and 0 by fluid transfers from zone 0 
to zone 1 reducing the pressure in zone 0 and increasing the pressure in zone 1; 
inflate zone 1 ; deflate zone 0; equilibrate zones 2 and 1 (air transfers from zone 1 to 

20 zone 2 reducing the pressure in zone 1 and increasing the pressure in zone 2); 
inflate zone 2; deflate zone 1; equilibrate zones 5 and 2 (air transfers from zone 2 to 
zone 5 reducing the pressure in zone 2 and increasing the pressure in zone 5); 
inflate zone 5; deflate zone 2; equilibrate zones 6 and 5 (air transfers from zone 5 to 
zone 6 reducing the pressure in zone 5 and increasing the pressure in zone 6); 

2 5 inflate zone 6; deflate zone 5; equilibrate zones 7 and 6 (air transfers from zone 6 to 

zone 7 reducing the pressure in zone 6 and increasing the pressure in zone 7); 
inflate zone 7; deflate zone 6; equilibrate zones 6 and 7 (air transfers from zone 7 to 
zone 6 reducing the pressure in zone 7 and increasing the pressure in zone 6); 
inflate zone 6; deflate zone 7; equilibrate zones 5 and 6 (air transfers from zone 6 to 

3 0 zone 5 reducing the pressure in zone 6 and increasing the pressure in zone 5); 

inflate zone 5; deflate zone 6; equilibrate zones 2 and 5 (air transfers from zone 5 to 
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zone 2 reducing the pressure in zone 5 and increasing the pressure in zone 2); 
inflate zone 2; deflate zone 5; equilibrate zones 1 and 2 (air transfers from zone 2 to 
zone 1 reducing the pressure in zone 2 and increasing the pressure in zone 1); 
inflate zone 1; deflate zone 2; repeat 

15. The method of claim 1 in which the step of selecting massage 
intensity includes selecting a massage index sequence that achieves a selected 
variable target pressure within each selected chamber by scaling inflation time. 

1 6. The method of claim 1 in which: 

the step of providing a seat or body support system includes 
providing a pressure sensor in fluid commimication with each chamber and 
connected to the controller; and 

the step of selecting massage intensity includes selecting a massage 
mdex sequence that achieves a selected variable target pressure within each selected 
chamber by increasing fluid pressure in each chamber until the controller receives 
respective signals from the pressure sensors indicating that their respective target 
pressures have been reached. 

17. The method of claim 1 in which the steps of selecting massage 
sequence and massage intensity are accomplished simultaneously by selecting a 
single massage control index sequence. 

1 8. The method of claim 1 in which the step of providing a seat or 
body support system includes providing an exhaust system configured to actively 
evacuate chambers by drawing fluid from them. 

1 9. The method of claim 1 8 in which: 

the step of providing a seat or body support system includes 
providing an exhaust system that includes an exhaust pump; and 
operating the exhaust system includes: 
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providing fluid communication between selected chambers 
to be deflated and the exhaust pump; and 

operating the pump to evacuate the selected chambers. 



5 20. A seat or body support apparatus comprising: 

more than one eTcpandable chamber; 

a pressure system connected to each expandable chamber and 
configured to provide fluid into the expandable chambers; 

an exhaust system connected to each expandable chamber and 
1 0 configured to produce an outflow of fluid firom the expandable chambers; 

a controller connected to the pressure and exhaust systems and 

configured to: 

control massage sequence by altemately operating the pressure 
and exhaust systems for selected chambers according to a predetermined 
15 massage control index sequence; and 

control massage intensity by allowing fluid pressure within the 
selected chambers to increase only until a selected variable target pressure 
is reached. 

20 21. A seat or body support apparatus as set forth in claim 20 in which: 

the pressure system includes a source of pressurized fluid connected by 
fluid supply paths to respective supply valves positioned to selectively provide 
fluid commimication between each expandable chamber and the source of 
pressurized fluid; 

25 the exhaust system includes exhaust valves connected to each respective 

chamber and configured to control the fluid flow firom the respective chambers; 

the controller is operatively connected to the supply and exhaust valves 
and is configured to inflate selected chambers by opening corresponding ones of 
the supply valves and to deflate selected chambers by opening corresponding 
3 0 ones of the exhaust valves; and 

the exhaust valves are distinct fi:-om the supply valves and the fluid supply 
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paths to minimize dwell time between inflation and deflation. 

22. A seat or body support apparatus as set forth in claim 20 in which 
the exhaust system is configured to actively evacuate chambers by drawing fluid 
from them. 

23. A seat or body support apparatus as set forth in claim 22 in which 
the exhaust system includes an exhaust pump coimected to the controller and 
operable to draw fluid from selected chambers. 

24. A seat or body support apparatus as set forth in claim 20 in which: 
the controller is further configured to provide a range of different massage 

index sequences; and 

the apparatus includes a user actuable switch connected to the controller and 
configured to select between the different massage index sequences. 
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MULTIPLE BLADDER 
PARTIAL BODY OR FULL BODY SUPPORT MASSAGE SYSTEM 
INCLUDING A METHOD OF CONTROL 

5 FIELD OF THE INVENTION 

This invention relates to vehicle or chair seating or bed support 
configurations comprised of inflatable expandable chambers or air cells for 
controlling the contour of the supporting inflatable cells to produce selective body 
10 or full body massage. 

BACKGROUND OF THE INVENTION 

Inflatable expandable chambers or air cells have been used in a variety of 
15 configurations to provide adjustments to the pressure in the inflatable air cells so as 
to produce a massage action on an occupant supported on the inflatable expandable 
chambers or air cells. This is especially important in automobiles where long 
periods of driving can cause pain and distraction or in other seating ^plications 
where individuals are sedentary for long periods of time. 

2 0 Prior art seating systems including body massage are set-forth in USPNs 

4,655,505; 4,981,131; 5,135,282; 5,587,933 wherein inflatable expandable 
chambers or air cells are provided to adjust the pressure to produce a massage 
action on an occupant of a support surface. In the '505 patent the only type of 
massage mentioned incorporates changes in the support pressure. 
25 In the '282 patent a sequential control of the pressure in expandable 

chambers or cells pressure includes a sequential pressurization of each of the 
chambers or cells forming the back support for a supporting surface. 

The expandable chambers are interconnected by valves that are responsive 
to pressure in the expandable chambers to cause one after another of the cells to be 

3 0 inflated and then deflated. The result is a broad wave fi-ont type of massage that 

requires transfer of pressure through all of the cells rather than flow of fluid to and 
from each cell. The requirement that pressure responsive valves direct 



wo 01/00132 



PCT/USOO/17280 



flow between each of the cells increases the time required for a full massage 
sequence. 

In the '131 and '933 patents a massage control is provided to produce a 
pressure change at a given body part. There is no mention how a massage index 
5 might be utilized to produce a concentrated massage at more than one expandable 
chamber. The '131, furthermore, requires a range of movement in a single cell to 
cause the spine of the user to be moved or manipulated. Such action is more 
extreme than required for massage action. 

While suitable for their intended purpose, the various known occupant 
10 support or vehicle seat systems with inflatable expandable chambers for contour 
shaping of a support such as on a vehicle seat surface do not provide for indexed 
expandable chamber pressure control. Furthermore, such systems do not disclose a 
support system having more than one expandable chamber operated to provide 
massage movement that includes a sequence of inflate and deflate of each of the 
15 respective chambers or cells so as to provide concentrated massage action while 
eliminating the problem of long massage cycle times as foimd in the '282 patent. 

SUMMARY OF THE INVENTION 

20 A system of inflatable expandable chambers or air cells is constructed and 

installed in a seat or other like occupant support at locations which are strategic to 
the comfort of the user. The expandable chambers or air cells are cormected to a 
pressure system including a pressure source such as a pump. The pump supplies 
pressurized fluid to a manifold and valve arrangement which simultaneously or 

2 5 sequentially, as desired, cormects each cell to the pump to inflate each cell. The 
flow of fluid into and out of each of the expandable chambers is controlled by 
means of a system of supply valves and one or more exhaust or vent valves to 
produce massage movement that includes a sequence of inflate and deflate of each 
of the respective expandable chambers or cells so as to 

30 provide more concentrated massage. 
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Specifically, the massage of the present invention includes an inflate; a 
deflate and possibly an equalization of pressure between two cells (equilibration). 

In the present invention inflate is defined as an increase in volume or 
pressure of fluid (including but not limited to air) in one of one or more 
5 expandable chambers. Such increase in volume or pressure is effected by opening 
a supply valve and closing a vent valve while energizing the pump(s) to move 
volumes of fluid either for a time or until a specified pressure is achieved. In 
most cases, the pump is connected to a manifold or common chamber and a 
supply valve is connected to each of the expandable chambers to control the flow 
10 of fluid the between the common manifold chamber and the other one or more 
expandable chambers. 

Deflate in the present invention is defined as decreasing the volume or 
pressure of fluid (a fluid may include air but is not limited to air as the fluid 
mediimi) in one of the expandable chambers. Such deflation is effected, in one 
1 5 configuration, by closing a supply valve to the chamber and opening a vent valve to 
move volumes of fluid either for a time or until a particular pressure is achieved. 
Such deflation is effected, in another configuration, by opening the vent valve 
(controls the flow of fluid fi-om the common chamber to the atmosphere) and the 
supply valve to the particular chamber (controls the flow of fluid between the 

2 0 common chamber and the other chambers). 

Equilibrate is defined in the present invention as an exchange of fluid 
(including but not limited to air) between two or more of one or more expandable 
chambers. Such exchange of fluid is effected by closing tiie vent valve(s) of two or 
more chambers and opening supply valves to the same two or more chambers for a 
25 specified time. The fluid will flow fi-om the higher-pressure chamber(s) to the 
lower pressure chamb^s) resulting in an equaUzation of pressure in all of the 
participating chambers. The resultant pressure will be less than the initial higher 
pressures and more than the initial lower pressures unless the pressures were equal 
to start with. 

3 0 In one controller suitable for use in the present invention, a 

microcomputer's non-volatile memory is programmed with data representing a 
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desired massage type and level for the expandable chambers or cells. By 
sequentially activating individual supply valves, a pressure signal from a 
transducer can be generated for each cell. The pressure signals are received by the 
microcomputer and can be compared with the predetemiined massage level data 
5 to generate a control signal which activates the pump or open and close the 
supply and exhaust valves. Additionally, in accordance with the present 
invention, expandable chambers forming the contouring elements of the seat back 
and seat bottom can have their pressure controlled by a timer to control the 
activation of the pump or opening and closing of the supply and exhaust valves to 

1 0 produce the desired massage affect. 

One purpose of this invention is to provide a fluidly (in some cases 
pneumatically) controlled support siurface for an occupant such as in a seating 
system or bed having an array of expandable chambers or cells. Each of such 
expandable chambers is connected to a source of pressurized fluid (air), and 

1 5 arranged in a manner to inflate in response to produce a massage movement that 
includes a sequence of inflate and deflate at each of the respective cells in 
accordance with a massage index for concentrating the massage action on an 
occupant. 

An object of the invention is to provide a massage method for a occupant 
2 0 support surface wherein one or more of the expandable chambers or cells is 
connected through an exhaust valve that will be opened in accordance with a 
control signal to produce a massage movement including a separate deflate at each 
of the respective cells so as to provide more concentrated massage. 

Furthemiore, another object is to provide more than one expandable 
25 chamber that will provide an indexed massage in accordance witii user selected 
massage types and preprogrammed inflation and deflation of individual expandable 
chambers by inflate and deflate steps including flow to and from each of a series of 
individual expandable chambers so as to produce a concentrated pulse type massage 
action. ^ 
30 A further object is to provide such a pulse type massage action by inflating 

each of the individual expandable chambers in a progression and thereafter 
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deflating each of the individual expandable chambers by reversing the progression. 

One feature of the present invention is to provide the system of the 
preceding objects wherein the control sequence for the concentrated massage action 
is under a microcomputer control. 
5 A still further feature is to include the expandable chambers as a seat back 

and seat bottom support including such occupant massage. 

Another feature of the present invention is to provide a control system for 
such massage in the supporting surface of a occupant support including a 
microcomputer that is prograrmned to operate a manifold/valve system to 
10 automatically fill and deflate individual expandable chambers by fluid flow to and 
from each expandable chamber in a serial fashion so as to so as to provide more 
concentrated massage. 

Still another feature of the present invention is to provide a microcomputer 
in the aforesaid systems in which the controller is programmed to operate multiple 
15 valves and a pump to conduct an initial inflate of the expandable chambers or cells 
to a gross pressure level with all of the valves initially open followed by continuous 
pressure reads and a sequential closure of each pressure zone formed by one or 
more cells as the pressure therein is compared by operation of the microcomputer to 
a desired target pressure and to provide a secondary adjustment of the desired target 

2 0 pressure. 

A further object of the present invention is to provide a microcomputer 
control of the preceding object wherein the sequential control of the fluid volume 
flow to and from each expandable chamber or cell is either by a pressure pump 
inflation with open supply valves inflation or by an exhaust valve deflation. 
25 Still another feature of the present invention is to provide a microcomputer 

in the aforesaid systems that conditions the system to open all the cells to 
atmosphere when a seat is not occupied and to inflate the seat back to a desired 
initialization pressure for occupant support. 

Still another feature of the present invention is to provide a microcomputer 

3 0 in the aforesaid systems in which an initial occupant assessment is made and 

inputted to the microcomputer and utilized to establish a selected massage index in 
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a look-up table for use in a massage control operation of the system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Figure 1 is a perspective view of an automotive seat showing one 

embodiment of the invention for locating pneumatic massage expandable chambers 
or in the back, seat and head rest positions of a vehicle seat structure. 

Figure 2 is a view of a pressure supply system for the embodiment of Figiu-e 

10 1; 

Figure 3 is a view of a programmable massage operating system for the 
embodiment of Figure 1; 

Figure 4 is a view of another embodiment of a massage system for use with 
15 the method of the present invention; and 

Figure 5 is a view of still another embodiment of a massage system for use 
with the method of the present invention. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A series of expandable chambers or bladder like air cells 1 are placed at 
strategic locations about the contour of an automotive seat 2 as shown in Figure 1. 
The expandable chamber or cell placement is selected to coincide with key pressure 

2 5 points on the body of an occupant of the seat. 

In particular, a plurality of expandable chambers or cells 3a, 3b, 3c are 
positioned in the thoracic region while plural cells 4a, 4b, 4c are combined in the 
Imnbar region. To further facilitate the adjustment of the seat, pairs of cells 5, 6, 7 
and 8 are positioned at either side of the back and seat as well as the fix)nt and back 

3 0 of the thighs respectively. Each of these cells is in direct contact with the body to 
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provide the control system with information which may be related to the comfort of 
the user and in accordance with this invention to provide a desired massage action. 

In addition to the pairs of cells that are provided to adjust the comfort of a 
user, in accordance with the present invention a pliuality of expandable chambers 9 
5 are formed in the head rest and a plurality of expandable chambers 10a, 10b, 10c 
are provided in the seat bottom. 

The cells are connected to a pressure system including a source of 
pressurized fluid provided in part by a pump 12 through a manifold 14 as shown in 
Figure 2. The manifold 14 and pump 12 are controlled by a controller 16 
1 0 responsive to pressure signal from a transducer 1 8. Alternatively, instantaneous data 
may be sensed by an array of force sensors as described in U.S. Patent No. 
5,283,735 in the place of the transducer 18. In the latter instance the sequencing 
would remain the same, but it would be coordinated with a polling of the sensor 
array. 

1 5 Each individual expandable chamber or cell is constmcted of a 

suitable flexible material such as rubber, thermoplastic polyurethane coated fabric 
or any other material provided with a fluid tight connection to the manifold to 
provide a path for conducting fluid into and out of the cell. The cells may be 
connected individually to the manifold or jointly with other cells. Individual spaced 

2 0 parallel cells 3a-3c, 4a-4c, and lOa-lOc, located for full body support and for full 
body massage if desired, are each connected to a single supply valve 26 controlled 
in a manner to provide a concentrated pulse or wave action massage to be 
described. The invention also contemplates use of a pressurizable mat in place 
thereof that includes segments that are pressure controlled to produce the massage 

2 5 action of the present invention. 

The manifold 14 consists of a housing 20 enclosing a common chamber 22 
constructed with multiple outlet ports 24 for connecting the conunon chamber 22 to 
the inlet/outlet tubes of each individual cell or regional group of cells. Each outlet 
port 24 is provided with an outlet or supply valve 26 to each expandable chamber 

3 0 (or group of expandable chambers if interconnected) for controlling the flow of 

fluid to and from each of the expandable chambers or cells. In this embodiment. 
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the sensor is a pressure sensing transducer 18 that is operatively connected in the 
manifold to sense the pressure in the common chamber 22 and generate a signal 
indicative thereof. Chamber 22 is also constructed with a single inlet port 28 which 
is connected to a feed tube 30 to receive pressurized fluid, in this case air, from 
5 pump 12. A supply valve 32 is provided in feed tube 30 to control the flow of 
pressurized fluid to the manifold. The manifold can be molded of a high strength 
plastic material or other suitable material. The plastic material arrangement can 
have many of its components integrally molded therein. It is preferred that it be as 
compact and lightweight as possible. However, the invention can be configured 
10 with other than lightweight components and other than with integral components. 
A common exhaust valve 34 is provided to selectively release pressure from the 
common manifold chamber 22 through venting port 36. The pressure in common 
chamber 22 can therefore be adjusted by either actuating pump 12 or exhaust valve 



diagrammatically as including a controller 16* and a common manifold chamber 22* 
that is connected to a pressure source shown as a pump 12'. The controller 16' 
includes a valve drive 35' and a pump drive 12b' like those shown in Figure 3. The 
pressure system includes a supply valve 26' to each of the expandable chambers or 
2 0 air cells 3', 4', 10' with it being understood that the chambers 3', 4' and 10' can 
include three sq>arate chambers as in the first embodiment. In this embodiment, 
exhaust is provided by a second pump 12a' connected to a second conraion 
manifold chamber 22a'. An exhaust valve 34' is connected to each of the 
expandable chambers and to the second common manifold chamber 22a'. In this 

2 5 embodiment, the inflate of each cell is the same as in the first embodiment. The 

deflate is produced when a valve 26' is closed to one of the expandable chambers 
when the exhaust valve 34' coimected to the one of the expandable chambers is 
opened and the pump 12a' is energized to produce a rapid movement of fluid from 
the expandable chamber that is being exhausted. Such inflow and outflow patterns 

3 0 produces a direct and concentrated inflate and deflate at each of the respective 

expandable chambers in accordance with massage indexes to be described. 



34. 



15 



In the embodiment of Figure 4, a pressure system is shown somewhat 



wo 01/00132 



• 



PCT/USOO/17280 



In the embodiment in Figure 5 a pressure system is shown somewhat 
diagrammatically in which a supply pump 12", valve drive 35" and pump drive 
12b" like those in Figure 3 are connected during inflate through a common chamber 
or conduit 22" thence through supply valves 26" to each one of more than one 
5 expandable chambers 3", 4" and 5" with it being understood that the chambers 3", 
4" and 10" can include three separate chambers as in the other embodiments. 
Deflate is produced when exhaust valves 34" are opened and valves 26" are closed 
so as to connect individual ones of the expandable chambers to a common exhaust 
conduit 22a" that is connected in turn to an exhaust pump 12a". In this embodiment 

10 the exhaust valves 34" are connected to a conduit 27" for fluid flow both to and 
from each of the expandable chambers. 

Supply valves 26, 26', 26" and exhaust valves 34, 34', 34" are actuated by an 
electrical signal from a valve drive 35, 35', 35" and are designed for low power, low 
fluid resistant operation. More specifically each valve 26, 26', 26", 34, 34', 34", is 

15 an adaptation of highly efficient valves used in medical apphcations such as MEMS 
type or piezoelectric actuated valves. The bodies and valve seats of such designs are 
easily moldable with and can be integrated as lightweight components within the 
manifold body. Individual valve bodies can be designed for stacking assembly to 
form the manifold of this invention. In addition to a piezoelectric actuated valve 

20 other low energy actuated valves are contemplated by the present invention 
including but not limited to electrically pulsed reed valves; valves having an 
actuator configured of nickel titanium alloy such as Nitinol; magnetic inductive 
type valves or fluidic control valves so long as low energy consumption will 
operate the valve in on-o£F positions in which the flow from an inlet to outlet will 

25 satisfy the flow requirements of the pressure adjusted expandable chambers or in a 
given electropnevunatic system for controlling a seating surface such as a seat, chair 
or bed to provide contouring, movement, support and/or comfort at a user interface. 
The importance of the use of such a valve arrangement in the present invention is 
that, in the past, pressure adjusted systems have utilized solenoid actuated valves to 

30 open and close an expandable chamber or to a pressure source for inflating the 
expandable chamber or to a relief path for deflating the expandable chamber or. In 
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such applications, the size of the control package is difficult to contain within the 
confines of a vehicle seat structure. Furthermore, power consumption is a problem 
since the major power consumers in the system combine power flow for operation 
of a motor driven pump and the power flow for operating the solenoids connected 
5 to the mechanical valving components. However, if desired, the supply valves 26, 
26\ 26" and exhaust valves 34, 34\ 34" can be solenoid operated valves. 

The active parts of the systems of this invention namely, the transducer 1 8, 
pumps 12, 12', 12", 12a' and 12a" as well as exhaust valve 34, 34', 34" and supply 
valves 26, 26', 26" are interconnected electrically to a controller 16, 16', 16" which 

10 controls the operation of the system. The controller 16 can be a commercially 
available microcomputer such as the PIC16C76 variant manufactured by 
Microchip. A microcomputer as used herein includes all subsystems and peripheral 
components as is well known to those skilled in the art. The controller 16 has 
access to non-volatile memory which has been programmed to provide a 

15 predetermined comfort standard such as the algorithm described in U.S. Patent No. 
5,283,735. 

A microcomputer's non-volatile memory is programmed with data 
representing a desired massage type and level for the expandable chambers or air 
cells. By sequentially activating individual manifold valves, a pressure signal 
2 0 from the transducer can be generated for each cell. The pressure signals are 
received by the microcomputer and can be compared with the predetermined 
massage level data to generate a control signal that activates the pump or opens 
the supply valves and/or exhaust valves. By varying the number and location of 
the cells the system becomes responsive to the locahzed pressures exerted on the 

2 5 body for a great variety of uses. Additionally, in accordance with the present 

invention, expandable chambers forming the contouring elements of the seat back 
and seat bottom have their pressure controlled by massage indexes that will 
produce a desired concentrated massage action. Such data can be compiled and 
coded for use with individual expandable chambers or regions of expandable 

3 0 chambers. Where base occupant support is included as set-forth in United States 

Patent Application 08/808,51 1 commonly owned by the assignee of this appUcation 
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and incorporated by reference, data sensed by transducer 1 8 is compared to the 
comfort standard and an actuation signal is generated which actuates the system to 
compensate for any differential between the programmed comfort level and the 
sensor generated data. In order to operate each cell or group of cells independently 
5 to provide an extensively adjustable system, the controller 16 is operative to actuate 
the supply valves 26, 26', 26" to isolate a selected expandable chamber or cell or 
group of expandable chambers or cells in communication with the manifold. The 
actuation is controlled in either an open or closed loop fashion to allow the pressure 
in the chambers 22, 22', 22" to equalize with the pressure in the expandable 

1 0 chamber or cells with which it is communicating. On an instantaneous basis there 
is a closed system among the connected expandable chambers, the feed tube 28, the 
common chamber 22, 22', 22" and the fluid supply thereby allowing the sensor to 
provide data from the closed system and to provide adjustment of the pressure in 
the isolated expandable chamber(s) by the MPU 21 to the desired comfort or 

15 pressure level. In operation, the controller 16 may open a valve 26, 26', 26" 

interconnecting a selected expandable chamber or cell or expandable chamber or 
group, such as the back seat region cells 10, with the common chamber 22, 22', 22" 
and allow the pressure in the selected system to settle out. The time to let pressure 
equalize is "pressure settling time". After the settling time, the pressure is sensed 

2 0 and a signal is sent to the controller 1 6 for comparison with the preprogrammed 
comfort data. The controller 16 then generates a signal relative to the difference in 
the comfort level sensed to the programmed comfort level and initiates a flow of 
fluid to or from the selected cell system to reduce the difference to zero. This 
sequence of operations is then repeated "n" times imtil each of the expandable 

2 5 chamber or systems are sensed and adjusted. 

Alternatively, the controller 16, 16', 16" can be a controller system that will 
control the time in which fluid volume is transferred during inflate, deflate or 
equilibration as will be described in massage sequences that are based upon a 
predetermined massage index. Such timed control is an open loop control and does 

30 not depend upon the use of a transducer to sense pressure limits within the 
expandable chambers during a massage cycle. 
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The massage indexes of the present invention will be understood to have 
application to either the embodiment of Figure 2 or the embodiments shown in 
Figure 6 and in Figure 7 of previously mentioned USSN 8/808,511. The massage 
indexes also applies to the embodiments of Figures 4 and 5. It should be imderstood 
5 that the operation of the inflate, deflate and if desired equilibrate indexes to be 
described herein apply equally well to systems in which the expandable chambers 
or cells can be independently positioned or remain in a predetermined position on a 
support surface of a vehicle seat or the like without being part of a pressure system 
for supporting an occupant. 

10 The device and method of this invention is characterized by using a preset 

inflate, deflate and if desired an equilibration massage index sequence as the 
programmed massage level and type and allowing the system to adjust the pressure 
in each expandable chamber to produce a predetermined massage where the level 
and intensity of a massage can be selected ranging from Ught to high that can 

15 correspond to a lower pressure or a Iowct frequency at the Ught setting; a medium 
pressure or a medium frequency at the medium setting, etc. hi addition the operator 
can adjust the pressure level in accordance with his or her own perceived massage 
comfort. It is observed that by varying the comparative massage data and the 
number and location of the expandable chambers the system of this invention 

2 0 allows for a wide variety of massage types and an almost infinite flexibihty of 
adjustment in a package that is simple, light weight, low cost and efficient. 

Additionally, in accordance with the present invention, expandable 
chambers or cells forming the contouring elements of the seat back and bottom 
can also be located to form a support in a bed stracture or other occupant support 

2 5 system. In this case as in the vehicle seat application the expandable chambers 
have their pressure controlled in response to the selected type of massage index 
resulting in a sequence of flow to and from each expandable chamber during a 
predetermined inflate, deflate and if desired equilibrate sequence. 

As mentioned in the summary of the invention section of this application, 

30 in the present invention "inflate" is defined as an increase in volume or pressure 
of fluid (including but not Umited to air) in one of one or more expandable 
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chambers 3a-3b; 4a-4c; 10a- 10c. Such increase in volume or pressure is effected 
by opening supply valves 26, 26', 26" and closing exhaust valves 34, 34*, 34" 
while energizing pump(s) 12, 12', 12" to move volumes of fluid either for a time 
or until a specified pressure is achieved. In most cases, the pump is connected to 
5 a manifold or common chamber 22,22', 22" and a supply valve 26, 26", 26" is 
connected to each of the expandable chambers to control the flow of fluid the 
between the common manifold chamber and the other one or more expandable 
chambers. 

"Deflate" in the present invention is defined as decreasing the volume or 
10 pressure of fluid (a fluid may include air but is not limited to air as the fluid 
medium) in each one of the expandable chambers. Such deflation is effected, in 
configurations shown in Figures 4 and 5, by closing a supply valve 26', 26" to one 
of the chambers 3', 3", 4', 4" and 10', 10" and opening an exhaust or vent valve 34', 
34" to such expandable chambers to move volxmies of fluid either for a time or until 
15 a particular pressure is achieved. Such deflation is effected, in another 
configuration shown in Figure 1, by opening a vent valve 34 (controls the flow of 
fluid fi-om die common chamber to the atmosphere) and the supply valve 26 to the 
particular chamber (controls the flow of fluid between the common chamber and 
the other chambers). 

20 Equilibrate is defined in the present invention as an exchange of fluid 

(including but not limited to air) between two or more of one or more expandable 
chambers. Such exchange of fluid is effected by closing the vent valve(s) of two or 
more chambers and op^iing supply valves to the same two or more chambers for a 
specified time. The fluid will flow firom the higher-pressure chamber(s) to flie 

25 lower pressure chamber(s) resulting in an equalization of pressure in all of the 
participating chambers. The resultant pressure will be less than the 
initial higher pressures and more than the initial lower pressures unless the 
pressures were equal to start with. 

Looking specifically at the occupant support system of Figure 1, a system 

3 0 of M air zones (spaced parallel and full width expandable chambers or cells 
individually formed as shown at 3 (cells 3a, 3b and 3c), (cells 4a, 4b, 4c) and 
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10(cells 10a, 10b and 10c), where M is greater than or equal to one, m 
corresponds to one air zone (3a). For a given massage sequence, each step in the 
sequence is defined by an index, n, where n ranges from 0 to N-1. N is the total 
number of steps in the sequence. An air zone, m, maybe associated with more 
5 than one index, n, and the adjustment sequence is not constrained by the physical 
zone order 0 through M-1 . The massage sequence is repeated as many times as 
necessary to complete the timed massage interval. 

Let inflation be defined by I (n), deflation by D (n) and equilibration by E 
(no, nj, . . . nj.,) where J ranges from 2 to M. For equilibration, the valves to the 

1 0 zones corresponding to the indexes are opened creating a pneumatic circuit 
between the zones thus allowing the pressures to equalize within the zones. 

There are an infinite mmiber of massage sequences that may be defined by 
assigning zones to indexes then defining the adjustment order of the indexes. In 
the simplest case, each index corresponds to a single zone and is defined 

1 5 according to the physical zone orientation. In more complex cases, the zone 

order assignment to the indexes may be random and one zone may correspond to 
more than one index. 

Inflation and deflation may be based on time or pressure. If based on 
time, inflation or deflation is performed for a set period of time. The intensity of 

2 0 the massage is controlled by scaling the adjustment time. If based on pressure, 
the inflation or deflation is performed until a preset target pressure is achieved. 
In this case, the intensity of the massage is controlled by scaling the target 
pressure. Equilibration generally is active for a specific time. The sensation of 
massage speed is controlled by equilibration time or the velocity of the volume of 

2 5 airflow. 



Massage sequences that include Indexes 0 through N-1 



Sequence 1 


Sequence 2 


Sequence 3 


Sequence 4* 




I(N-1) 


1(0) 


I(N-2) 


1(0) 




I(N-2) 


D(0) 


D(N-2) 


E(0,1) 




• • • 


1(1) 


Sequence 
continued 


D(0) 




1(0) 


D(l) 


1(0) 


1(1) 




D(0) 


1(2) 


D(0) 


E(l.O) 
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D(l) 


D(2) 




D(l) 




D(2) 


Sequence 
• • • 

continued 








Sequence 
• • • 

continued 


I(N-1) 








D(N-1) 


D(N-1) 












Sequence 5 


Seq. 5 cont. 




E(0,1) 


D(N-2) 


1(0) 


E(N-2,N-1) 


D(l) 


I(N-2) 


E(1,0) 


D(N-1) 


1(1) 


E(N-3,N-2) 


D(0) 


I(N-3) 


E(2,l) 


D(N-2) 


1(2) 


• • • 


D(l) 


E(l,2) 


• • • 


1(1) 


E(N-l,N-2) 


D(2) 


I(N-1) 





^Sequence 4 is shown for a two-zone system. In this case m = n. 



Additional massage sequences can be constructed from the sequences 
5 shown. For example implementing Sequence 1 followed by Sequence 2 or 
Sequence 3 followed by Sequence 4 provide two more massage types. 

Sequences 1 and 2 are operative to produce groupings of cell to cell pulse 
and Sequences 3 and 5 are operative to produce an individual cell to cell inflate or 
deflate wave wherein the massage movement includes a sequence of inflate and 
10 deflate between the respective cells so as to provide more concentrated massage 
while maintaining a wave type movement of the cells producing the massage 
action. Sequence 4 is operative to produce massage in a two-zone system. 

More specifically. Figure 1, omitting the headrest, shows 13 air cells (3a, 
3b, 3c, 4a, 4b, 4c, 10a, 10b, 10c, 5, 6, 7 and 8 which are arranged in 1 1 air zones 
15 3a, 3b, 3c, 4a, 4b, 4c, 10a, 10b, 10c, 5 and 6 combined and 7 and 8 combined. A 
massage system may have as few as 1 zone and as many zones as the seat and air 
cell size dictate. To use general terminology, let m correspond to a specific zone 

15 
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where m ranges from 0 to M-1 and M is the total number of zones. The relation 
between an air zone and an air cell is that a zone may contain more than one air 
cell. 

For massage in accordance with this invention, any zones may be inflated, 
5 deflated and possibly equilibrated in any sequence. A single air zone may be 
adjusted more than once in any single sequence. There are an infinite number of 
massage sequences depending on the total number of zones, the number of zones 
massaged, inflation/deflation/equilibration order in which in/out flow to each 
zone occurs. 

1 0 One way to cover the variations is to define the 

inflation/deflation/equilibration sequence using indexes. Each index is associated 
with (represents) a single zone but a zone may be associated with more than one 
index. Indexes, n, range from 0 to N-1, where N is the total niunber of indexes. 
Example: Assume a three zone massage is desired. The zones chosen are 

1 5 3a, 3b, 3c on Figure 1 . Assume the massage sequence contains 4 indexes: 
0,1,2,3. The association between the zones and the indexes is chosen to be: 



Index 


Zone 


0 


3a 


1 


3b 


2 


3a 


3 


3c 



The massage sequence then chosen is Sequence 3, for example. 

20 



Step 


Action by Index 


Action by Zone 


Word Description 


1 


1(0) 


1(5) 


Inflate zone 3a 


2 


D(0) 


D(5) 


Deflate zone 3a 


3 


Id) 


1(6) 


Inflate zone 3b 


4 


D(l) 


D(6) 


Deflate zone 3b 


5 


1(2) 


1(5) 


Inflate zone 3 a 


6 


D(2) 


D(5) 


Deflate zone 3 a 


7 


1(3) 


1(7) 


Inflate zone 3 c 


8 


D(3) 


D(7) 


Deflate zone 3 c 




Repeat 


Repeat 
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Thus, within the context of systems having expandable chambers that are 
each inflated and deflated by index selections to produce concentrated massage, 
there are an infinite number of possible massage sequences. The different 
massages depend on the number of zones active for massage, the sequences of 
5 inflations, deflations and equilibrations and the times or pressure settings 
(duration) associated with the air movement functions. 

The specific sequences provided in the descriptions below are only a 
small subset of the range of possibilities. 

1 0 The sequences currently implemented are (by index): 



"Pulse" 


"Wave" 


Massaging 


3 Zone 


1(0) 


E(0,1) 


D(0,l,2) 


D(0,l,2) 


1(1) 


1(0) 


1(0), D(U) 


I(0),D(1.2) 


1(2) 


D(l) 


1(1), D(0,2) 


1(1), D(0,2) 


1(5) 


E(1,0) 


1(2), D(0,1) 


1(2), D(0,1) 


1(6) 


1(1) 


I(1),D(0,2) 


Repeat all except 


1(7) 


D(0) 


1(0), D(U) 


D(0.1.2) 


D(7) 


E(2,l) 


Repeat all except 




D(6) 


1(2) 


D(0,l,2) 




D(5) 


D(l) 






D(2) 


E(5,2) 






D(l) 


1(5) 






D(0) 


D(2) 






Repeat 


E(6,5) 
1(6) 
D(5) 

E(7,6) 
1(7) 
D(6) 

E(6,7) 

1(5) 
D(6) 

E(2,5) 
1(2) 
D(5) 

E(l,2) 

1(1) 
D(2) 
Repeat 
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In each of these cases the expandable chambers do not carry the reference 
numeral designations shown in the various embodiments but it is understood that 
the designations are for a support system having zones 0, 1, 2 (could correspond 
5 to 4a, 4b, 4c) and zones 5, 6 and 7 (could correspond to 3a, 3b, 3c). 



10 



15 



20 



25 



30 
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What is claimed is: 

5 

1 . A massage method for a seat or body support system having more 
than one expandable chambers and including a pressure system for each 
expandable chamber and an exhaust system for each expandable chamber and a 
controller for operating the pressure and exhausts system the method comprising: 

1 0 selecting a massage control index for operating the pressure 

system and exhaust system to control the pressures in each of said expandable 
chambers; and 

controlling the pressures in each of the expandable chambers by 
connecting each of the expandable chambers to said pressure system to produce 
15 an inflow of a fluid to each of the expandable chambers followed by operating the 
exhaust system to produce an outflow of fluid from each of the previously 
inflated expandable chambers to produce a massage sequence in which each of 
the expandable chambers are selectively inflated and deflated by fluid flow to 
and from each of the expandable chambers. 

20 

2. The method of claim 1 fiirther characterized by providing the 
pressure system as a source of pressurized fluid; providing a supply valve for 
controlling fluid flow from the pressure source to each of the expandable 
chambers; and providing an exhaust valve for controlling the fluid flow from a 

2 5 previously inflated expandable chamber in a manner to produce individual 

chamber to chamber inflate followed by chamber to chamber deflate. 

3. The method of claim 2 ftirther characterized by providing the 
exhaust system as a common exhaust; connecting said more than one expandable 

3 0 chambers to said common exhaust and opening said common exhaust in 

accordance with the massage index. 
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4. The method of claim 2 further characterized by providing the 
pressure systems as a pressure pump; providing the exhaust system as an exhaust 
pump; connecting said pressure pimip and said exhaust pump to said array of 

5 expandable chambers in accordance with the massage index. 

5. The method of claim 1 further characterized by providing a user 
initiated switching means; and providing a range of desired massage indexes in 
accordance with user selected preferences; and selecting one of said desired 

1 0 massage indexes from said range to produce individual chamber to chamber inflate 
followed by chamber to chamber deflate. 

6. The method of claim 1 further characterized by providing the more 
than one expandable chambers as expandable chambers in a back and seat support. 

15 

7. The method of claim 1 further characterized by operating the 
pressure system for each expandable chamber to equalize the pressure between 
predetermined ones of the expandable chamber as each of the predetermined ones 
of the expandable chambers are selectively inflated and deflated. 

20 

8. The method of claim 1 further characterized by providing a pressure 
sensor; providing multiple valves and a pump; providing a microcontroller 
programmed in response to a signal from said pressure sensor to operate the 
multiple valves and a pump to conduct an initial inflate of the more than one 

25 expandable chambers to a gross pressure level with all of the valves initially 
opening; said initial opening occurring prior to the cyclically connecting of each of 
the expandable chambers to the pressure source in accordance with the massage 
index. 

30 9. The method of claim 1 further characterized by providing the more 

than one expandable chambers as a series of zones; said massage index including 
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first inflating each of said zones in a series fashion; said massage index thereafter 
including deflating each of said zones in a reverse series fashion. 

10. The method of claim 1 further characterized by providing the more 
5 than one expandable chambers as a series of zones including a first zone, a second 
zone and a third zone; the massage index including equalizing the pressure in the 
first and second zones by fluid transfer therebetween; thereafter inflating only the 
first zone and deflating the second zone while the first zone remains inflated; 
thereafter equalizing the pressure in the first and second zones; thereafter inflating 
1 0 the second zone; thereafter deflating the first zone while the second zone remains 
inflated; equalizing the pressure in the second and third zones by fluid transfer 
therebetween; thereafter inflating only the third zone and deflating the second zone 
while the third zone remains inflated. 

15 1 L The method of claim 1 further characterized by providing the more 

than one air cells as first and second air cells (O, 1); providing a massage index 
that cyclically varies the pressure in the air cells by inflating the first air cell; 
equalizing pressure between the first and second air cells; deflating the first air 
cell; reinflating the first air cell; controlling the valved communication to 

2 0 equalize pressure between the first and second air cells following reinflation of 
the first air cell; and deflating the first air cell. 

12. The method of claim 2 further characterized by providing the more 
than one air cells as first and second air cells (O, 1); providing a massage index 
2 5 that cyclically varies the pressure in the air cells by inflating the iirst air cell; 
equalizing pressure between the first and second air cells; deflating the first air 
cell; reinflating the first air cell; controlling the valved communication to 
equalize pressure between the first and second air cells following reinflation of 
the first air cell; and deflating the first air cell. 
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13. The method of claim 1 further characterized by providing the more 
than one expandable chambers as a series of zones including zone 0; zone 1 ; zone 
2; zone 3; zone 4; zone 5; zone 6; zone 7; providing a massage index including 
equalizing the pressure in zones 0 and 1 by reducing the pressure in zone 1 and 

5 increasing the pressure in zone 0; inflate zone 0; deflate zone 1; equalize the 
pressure in zones 1 and 0 by fluid transfers from zone 0 to zone 1 reducing the 
pressure in zone 0 and increasing the pressure in zone 1 ; inflate zone 1 ; deflate zone 
0; equilibrate zones 2 and 1 (air transfers from zone 1 to zone 2 reducing the 
pressure in zone 1 and increasing the pressure in zone 2); inflate zone 2; deflate 

10 zone 1; equilibrate zones 5 and 2 (air transfers from zone 2 to zone 5 reducing the 
pressure in zone 2 and increasing the pressure in zone 5); inflate zone 5; deflate 
zone 2; equilibrate zones 6 and 5 (air transfers from zone 5 to zone 6 reducing the 
pressure in zone 5 and increasing the pressure in zone 6); inflate zone 6; deflate 
zone 5; equilibrate zones 7 and 6 (air transfers from zone 6 to zone 7 reducing the 

15 pressure in zone 6 and increasing the pressure in zone 7); inflate zone 7; deflate 
zone 6; equilibrate zones 6 and 7 (air transfers from zone 7 to zone 6 reducing the 
pressure in zone 7 and increasing the pressure in zone 6); inflate zone 6; deflate 
zone 7; equilibrate zones 5 and 6 (air transfers from zone 6 to zone 5 reducing the 
pressure in zone 6 and increasing the pressure in zone 5); inflate zone 5; deflate 

2 0 zone 6; equilibrate zones 2 and 5 (air transfers from zone 5 to zone 2 reducing the 

pressure in zone 5 and increasing the pressure in zone 2); inflate zone 2; deflate 
zone 5; equilibrate zones 1 and 2 (air transfers from zone 2 to zone 1 reducing the 
pressure in zone 2 and increasing the pressure in zone 1); inflate zone 1; deflate 
zone 2; repeat. 

25 

14. The method of claim 2 ftirther characterized by providing the more 
than one expandable chambers as a series of zones including zone 0; zone 1 ; zone 
2; zone 3; zone 4; zone 5; zone 6; zone 7; providing a massage index including 
equalizing the pressure in zones 0 and 1 by reducing the pressure in zone 1 and 

3 0 increasing the pressure in zone 0; inflate zone 0; deflate zone 1; equalize the 

pressure in zones 1 and 0 by fluid transfers from zone 0 to zone 1 reducing the 
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pressure in zone 0 and increasing the pressure in zone 1 ; inflate zone 1; deflate zone 
0; equilibrate zones 2 and 1 (air transfers from zone 1 to zone 2 reducing the 
pressure in zone 1 and increasing the pressure in zone 2); inflate zone 2; deflate 
zone 1; equilibrate zones 5 and 2 (air transfers from zone 2 to zone 5 reducing the 
5 pressure in zone 2 and increasing the pressure in zone 5); inflate zone 5; deflate 
zone 2; equilibrate zones 6 and 5 (air transfers from zone 5 to zone 6 reducing the 
pressure in zone 5 and increasing the pressure in zone 6); inflate zone 6; deflate 
zone 5; equilibrate zones 7 and 6 (air transfers from zone 6 to zone 7 reducing the 
pressure in zone 6 and increasing the pressure in zone 7); inflate zone 7; deflate 

10 zone 6; equilibrate zones 6 and 7 (air transfers from zone 7 to zone 6 reducing the 
pressure in zone 7 and increasing the pressure in zone 6); inflate zone 6; deflate 
zone 7; equilibrate zones 5 and 6 (air transfers from zone 6 to zone 5 reducing the 
pressure in zone 6 and increasing the pressure in zone 5); inflate zone 5; deflate 
zone 6; eqiiilibrate zones 2 and 5 (air transfers from zone 5 to zone 2 reducing the 

15 pressure in zone 5 and increasing the pressure in zone 2); inflate zone 2; deflate 
zone 5; equilibrate zones 1 and 2 (air transfers from zone 2 to zone 1 reducing the 
pressure in zone 2 and increasing the pressure in zone 1); inflate zone 1; deflate 
zone 2; repeat. 
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